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We study the information transferring ability of a spin-1/2 XXZ Hamiltonian for two different modes of state
transfer, namely, the well studied attaching scenario and the recently proposed measurement induced transport.
The latter one has been inspired by recent achievements in optical lattice experiments for local addressability of
individual atoms and their time evolution when only local rotations and measurements are available and local
control of the Hamiltonian is very limited. We show that while measurement induced transport gives higher
fidelity for quantum state transfer around the isotropic Heisenberg point, its superiority is less pronounced in
non-interacting free fermionic XX phase. Moreover, we study the quality of state transfer in the presence of
thermal fluctuations and environmental interactions and show that measurement scheme gives higher fidelity for
low temperatures and weak interaction with environment.
PACS numbers: 03.67.-a, 03.67.Hk, 37.10.Jk, 32.80.Hd
I. INTRODUCTION
In the recent years the condensed matter many-body sys-
tems have extensively been used for realization of quantum
information tasks such as quantum state transfer [1]. In par-
ticular, finite many-body systems, such as spin chains, have
been proposed to operate as data-bus [2] through their nat-
ural time evolution. Very recently, experimental realizations
of such ideas have become viable in Nuclear Magnetic Reso-
nance (NMR) [3], coupled optical wave guides [4] and optical
lattices [5, 6]. However, there is a threshold between the qual-
ity of state transfer and the amount of control that one can
have over the system. Perfect state transfer comes at its price
[7]. To achieve such task one has to engineer the spectrum
of the system by either engineering all couplings [8] or just
the two at the boundaries [9]. Alternatively, one can also use
precisely time controlled local or global fields [10] for routing
information or create resonant dynamics between the sender
and receiver by using very weak couplings [11] or strong local
magnetic fields [12]. In all these methods, a very fine control
over the couplings (either local or global) is needed which is
often not available for the most physical systems used in lab-
oratories. Thus, one may think of the minimal control of the
most simplest systems (with uniform couplings) for achiev-
ing the highest possible fidelity. In a uniform XX chain one
can achieve pretty good state transfer, with arbitrarily high fi-
delity, for very particular lengths though one has to wait for
very long times [13].
The most studied mode of transmission so far is to attach
a qubit encoding an unknown quantum state to the spin chain
which is motivated by the need to link quantum registers. This
needs fine local control over a single bond of the Hamiltonian
which has to be switched on and off at regular times which
makes it very challenging for physical realizations. More-
over, for the case of anti-ferromagnetic systems this mode of
transfer does not harness the inherent entanglement naturally
existed in the ground state of such systems. The initial state
of the channel changes the quality of transfer for both free
fermions and interacting Hamiltonians [14] and in the case of
non-interacting fermionic systems it is possible to engineer
the system such that it works fully independent of the initial
state [15].
Recent achievements in optical lattice experiments for lo-
cal addressability of atoms with the resolution of single sites
[16] has opened a totally new window for single site unitary
operations and measurements [17]. The propagation of spin
waves [5] and magnon bound states [6] have been observed in
ferromagnetic spin chains realized by trapped atoms in opti-
cal lattices. Motivated by these achievements, new modes of
transfer in many-body strongly correlated systems have been
proposed which are not based on attaching scenarios which
demand very fine control of a single bond in the Hamiltonian.
In Ref. [18] a single qubit unitary operation together with lo-
cal measurements on a system initialized in a series of sin-
glets are used for achieving more than one bit of information
transfer in a single shot in the same spirit of quantum dense
coding [19]. We have also put forward a proposal for Mea-
surement Induced Transport (MIT) [20] without changing the
Hamiltonian for information transfer which exploits only lo-
cal measurement and unitary rotation of single qubits, the two
ingredients both available in optical lattices. In such scenario,
a known quantum state is encoded in the first qubit of the sys-
tem through a local measurement followed by a unitary opera-
tion and then the natural time evolution of the system transfers
this quantum state to the receiver site. As the quantum state
is assumed to be known this mode of transfer can also be con-
sidered as remote quantum state preparation [21].
In this paper, by exploiting exact diagonalization we study
the information transferring ability of a uniform spin-1/2
XXZ Hamiltonian throughout its anti ferromagnetic and Ne´el
phases for two different modes of transfer namely: (i) the
well studied attaching scenario and; (ii) the recently proposed
MIT scheme. We also compare their performance in the pres-
ence of imperfections such as decoherence and thermal fluc-
tuations. We show that while the two schemes give the same
fidelity for non-interacting free fermionic systems the mea-
surement scenario provides a sensibly better performance for
the interacting systems. Moreover, the measurement proce-
dure for state transfer shows more robustness against various
imperfections such as thermal fluctuations.
The structure of the paper is as following. In section II we
introduce the model, in section III the state transfer is investi-
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FIG. 1: (Color online) (a) An array of interacting spin 1/2 particles of
a XXZ hamiltonian in which the first spin is initialized to a quantum
state |ψs〉 and the rest of the system is assumed to be in the quan-
tum state |ψch〉. (b) Phase diagram of XXZ model for J > 0. The
parameter ∆ is the anisotropy in the z direction.
gated by calculation the average fidelity in both measurement
and attaching scenarios and the results are compared. In sec-
tion IV the effect of thermal fluctuations and decoherenc is
studied. Finally, in section VI we summarize our results.
II. SPIN CHAIN QUANTUM STATE TRANSFER
In this section, we review the most general scheme of quan-
tum state transfer across spin chains. Consider a system of N
spin-1/2 interacting particles. The first qubit is initialized by
the sender to a very general quantum state of
|ψs〉 = cos (
θ
2
)|0〉+ eiφ sin (
θ
2
)|1〉 (1)
where |0〉 and |1〉 are the two levels of the qubit and 0 ≤ θ ≤
pi and 0 ≤ φ ≤ 2pi determine the location of this state on
the surface of the Bloch sphere. The rest of the system (i.e.
the qubits 2, 3, ..., N ) are called channel and they are assumed
to be in a quantum state |ψch〉. A schematic picture of the
situation is shown in Fig. 1(a). The total quantum state of the
system is written as
|Ψ(0)〉 = |ψs〉 ⊗ |ψch〉. (2)
At time t = 0 the interaction between the qubits is switched
on and the whole system evolves under the action of a Hamil-
tonianH . At any time t the quantum state of the whole system
is given by
|Ψ〉 = e−iHt|Ψ(0)〉. (3)
The last spin, namely site N , is assumed to be the receiver site
which its density matrix at time t can be computed as
ρN (t) = TrN̂ |Ψ(t)〉〈Ψ(t)| (4)
where Tr
N̂
means that we trace out all spins except the site
N . To quantify the quality of state transferring we calculate
the fidelity of the last site and the initial state |ψs〉
F (θ, φ, t) = 〈ψs|ρN |ψs〉. (5)
This fidelity depends on input parameters θ and φ and hence in
order to have an input independent quantity we average over
all possible pure input states on the surface of the Bloch sphere
Fav(t) =
1
4pi
∫ θ=pi
θ=0
∫ φ=2pi
φ=0
F (θ, φ, t) sin(θ)dθdφ. (6)
This average fidelity can be simplified if we restrict ourselves
to a certain class of Hamiltonians which conserve the number
of excitations. Mathematically this means that [H,Stz] = 0,
where, Stz is the total spin operator in the z direction. A large
class of Hamiltonians, including the XXZ, which naturally ap-
pears in nature have this property. Using the exact form of
|ψs〉, given in Eq. (1), and using the conservation of excita-
tions one can write the average fidelity as
Fav(t) =
1
6
{
〈 1, ψch|e
+iHtP
(N)
00 e
−iHt|1, ψch〉+ 〈0, ψch|e
+iHtP
(N)
11 e
−iHt|0, ψch〉
}
+
1
3
{
〈0, ψch|e
+iHtP
(N)
00 e
−iHt|0, ψch〉+ 〈1, ψch|e
+iHtP
(N)
11 e
−iHt|1, ψch〉
}
+
1
3
abs
{
〈1, ψch|e
+iHtP
(N)
10 e
−iHt|0, ψch〉
}
, (7)
where, P (N)ij = |i〉〈j| is the single qubit projection opera-
tor acting on site N . As the formula for the average fidelity
shows, to have a full characterization of the information trans-
fer one has to only compute the evolution of two quantum
states namely |0, ψch〉 and |1, ψch〉.
III. THE PHASE DIAGRAM OF THE XXZ HAMILTONIAN
In this paper we assume that the Hamiltonian H is a XXZ
Heisenberg type which can be written as
H = J
N−1∑
k=1
(σxkσ
x
k+1 + σ
y
kσ
y
k+1 +∆σ
z
kσ
z
k+1) (8)
3where σxk , σ
y
k , σ
z
k are the Pauli operators acting on site k, the
parameter J is the exchange coupling and ∆ is the anisotropy
in the z direction. This Hamiltonian has a rich phase diagram
for J > 0 [22] as the anisotropy ∆ varies which is schemati-
cally shown in Fig. 1(b). For ∆ < −1, the system is ferromag-
netic and its ground state is doubly degenerate with all spins
aligned either in the |0〉 or |1〉 states. For−1 ≤ ∆ ≤ 1 the sys-
tem enters a new gapless regime, called XY phase, in which
the ground state is unique and includes the free fermionic XX
Hamiltonian (i.e. ∆ = 0) and the fully isotropic Heisenberg
one (i.e. ∆ = 1). The ∆ > 1 is called the Neel phase
with a gapped spectrum and nonzero staggered magnetiza-
tion. In this paper we discuss the quantum state transferring
for ∆ > 0, which is the more relevant case in terms of exper-
imental realization.
IV. MODES OF TRANSPORT: ATTACHING VERSUS MIT
In the mode of attaching for quantum state transfer across
a spin chain the quantum state |ψch〉 is the ground state of the
channel (qubits 2, 3, ..., N ) while the first qubit is decoupled
and is independently initialized to |ψs〉. Then by switching on
the interaction between the qubit 1 and the rest of the system
the evolution starts as the state |Ψ(0)〉, given in Eq. (2), is not
an eigenstate of the total Hamiltonian H .
On the other hand, in the mode of MIT [20] for state trans-
fer there is no control on the Hamiltonian and it does not
change during the process. Initially the whole system (qubits
1, 2, ..., N ) is prepared in its ground state |GS〉. To encode the
quantum state |ψs〉 one measures the first qubit of the chain in
the eigenstates of the σz operator which the outcome of mea-
surement will be either |0〉 or |1〉 with probability of 1/2 for
each. According to the outcome of measurement the quantum
state of the whole system collapses as
|0〉 : |GS〉 → |0,Φ0〉
|1〉 : |GS〉 → |1,Φ1〉 (9)
where |Φ0〉 and |Φ1〉 are the quantum states of the channel
(i.e. qubits 2, 3, ..., N ) when the first qubit is collapsed to |0〉
and |1〉 respectively. To finalize the initialization of the system
into a quantum state of the type of Eq. (1) one has to apply a
further unitary operator R0 or R1, according to the outcome
of measurement, on the first qubit to rotate its quantum state
into |ψs〉. One can easily determine the form of R0 and R1
R0 = |ψs〉〈0|+ |ψ˜s〉〈1|
R1 = |ψ˜s〉〈0|+ |ψs〉〈1| (10)
Where |ψ˜s〉 is the orthogonal counterpart of |ψs〉, i.e
〈ψs|ψ˜s〉 = 0, given by
|ψ˜s〉 = sin (
θ
2
)|0〉 − eiφ cos (
θ
2
)|1〉. (11)
At this stage the initialization of the system is accomplished
as the state of the system takes the form of Eq. (2) for both
measurement outcomes
|0〉 : |Ψ0(0)〉 = |ψs〉 ⊗ |Φ0〉
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FIG. 2: (Color online) (a) Average fidelity in terms of time for ∆ = 1
in a chain of length N = 16 for both measurement and attaching
scenarios. (b) Fav(t) versus time for ∆ = 0 and N = 16 (c)The
average fidelity at its first peak versus ∆ for ∆ > 0 and N = 16. (d)
The optimal time, when Fav peaks for the first, time for N = 16.
|1〉 : |Ψ1(0)〉 = |ψs〉 ⊗ |Φ1〉. (12)
Neither |Ψ0(0)〉 nor |Ψ1(0)〉 are the eigenvectors of the
Hamiltonian and thus evolve under the action of the XXZ
Hamiltonian H as given in Eq. (3). For each measurement
outcome, the final average fidelity is similar to Fav(t) in
Eq. (7) by replacing |ψch〉 with |Φ0〉 or |Φ1〉 accordingly.
In Figs. 2(a) and (b) the Fav(t) is plotted versus time for
both scenarios in a chain of length N = 16 for ∆ = 1 and
∆ = 0 respectively. The average fidelity Fav(t) starts evolv-
ing after a initial pause needed for information to reach the
last site. As it is clear from these figures, the measurement in-
duced transport gives a better quality for the case of isotropic
Heisenberg Hamiltonian (i.e. ∆ = 1) while for the XX Hamil-
tonian (i.e. ∆ = 0) the two scenarios are identical. This
is indeed due to the non-interacting fermionic nature of the
XX Hamiltonian which makes the attainable average fidelity
almost independent of the initialization mechanism [14]. To
have a more concrete comparison between the two scenarios,
in Fig. 2(c) we plot Fmax versus ∆ > 0 for a chain of length
N = 16. As this figure shows, in MIT strategy the anisotropic
point ∆ = 1.1 in the Ne´el phase gives the highest fidelity for
a chain of length N = 16. Our analysis shows that as the
length of the chain becomes shorter, this point moves toward
the XY phase. In attaching scenario, It is the point ∆ = 0.8
in the XY phase that has the highest fidelity for a chain of
N = 16. Moreover, for longer chains this point gets closer to
the isotropic point ∆ = 1. In Fig. 2(d) the tmax is plotted in
terms of ∆, illustrating that the optimal time is almost equal
for both strategies and by increasing ∆ the evolution becomes
faster, which could be due to the increasing of energy gap in
the finite size system. The results shown in Figs. 2(c) and (d)
are fully consistent with the ones for entanglement distribu-
tion across the XXZ Hamiltonian reported for the attaching
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FIG. 3: (Color online) (a) Fav in its first peak in terms of N for
∆ = 1.1 and both scenarios. (b) The Optimal time when Fav peaks
for the first time as a function of N for ∆ = 1.1.
scenario in Ref. [23].
To compare the scalability of the two scenarios, in Fig. 3(a)
we plot the Fmax as a function of length N in the XXZ chain
with ∆ = 1.1 for both attaching and MIT mechanisms. As
this figure clearly shows the measurement induced dynamics
gives a higher fidelity which even becomes more prominent
for longer chains. In Fig. 3(b) the optimal time tmax is de-
picted versus N for both scenarios. As expected the tmax
grows linearly by increasingN and the MIT is slightly slower
in speed in compare to the attaching procedure.
V. IMPERFECTIONS
No physical system is in zero temperature and thus any
quantum system is inevitably in a thermal mixed state. Let’s
assume that the whole system is initialized in
ρ(0) = |Ψs〉〈Ψs| ⊗ ρch (13)
where ρch is a mixed state and not necessarily a thermal state.
The quantum state at an arbitrary time t is
ρ(t) = e−iHtρ(0)e+iHt. (14)
Just as explained above one can trace out all spins except the
last one (i.e. site N ) and compute the average fidelity which
becomes
Fav(t) =
1
6
{
Tr{e−iHt(|1〉〈1| ⊗ ρch)e
+iHtP
(N)
00 }+ Tr{e
−iHt(|0〉〈0| ⊗ ρch)e
+iHtP
(N)
11 }
}
+
1
3
{
Tr{e−iHt(|0〉〈0| ⊗ ρch)e
+iHtP
(N)
00 }+ Tr{e
−iHt(|1〉〈1| ⊗ ρch)e
+iHtP
(N)
11
}
+
1
3
abs
{
Tr{e−iHt(|0〉〈1| ⊗ ρch)e
+iHtP
(N)
01
}
. (15)
In the attaching scenario, the channel itself is in a thermal
state of the form e
−βHch
Z
, where, β = 1/KBT (T is tempera-
ture and KB is the Boltzmann constant). Hence, by replacing
ρch in the above formula by e
−βHch
Z
one computes the average
fidelity of the attaching scenario for the thermal states.
On the other hand for MIT we assume that the whole system
is initially in a thermal state as e
−βH
Z
and then the first qubit is
measured and according to the outcome of measurement the
quantum state of the system collapses to
|0〉 :
e−βH
Z
→ |0〉〈0| ⊗ ρ0
|1〉 :
e−βH
Z
→ |1〉〈1| ⊗ ρ1. (16)
Then by applying the operator R0 or R1 on the first qubit the
initialization is completed and the quantum state of the form
of Eq. (13) is formed
|0〉 : |ψs〉〈ψs| ⊗ ρ0
|1〉 : |ψs〉〈ψs| ⊗ ρ1. (17)
Now one can replace ρch in Eq. (15) by either ρ0 or ρ1 to com-
pute the average fidelity of MIT scenario according to each
outcome of the measurement.
In Fig. 4(a), the average fidelity at its maximum, Fmax is
plotted as a function of temperature for isotropic point ∆ = 1
and for a chain of N = 10. As figure shows, the average fi-
delity decreases by increasing the temperature for both MIT
and attaching schemes. In low temperatures, there exist a
plateau over which the average fidelity remains constant and
its width determines the thermal stability of the system. As it
is evident from the figure, the plateau is smaller for MIT but
since the fidelity is higher it gives a better performance for low
temperatures. In higher temperatures both MIT and attaching
scenarios are almost the same. we also found that the optimal
time tmax at which the average fidelity peaks is almost inde-
pendent of temperature, consistent with Ref. [24]. In Fig. 4(b)
and (c) we plot Fmax versus ∆ for two different temperatures
KBT = 0.5 ,KBT = 1.5. It is seen that the anisotropic point
of ∆ = 1.1 and the isotropic point ∆ = 1 are the best points
for MIT and attaching scenarios, respectively.
Another imperfection that we consider is decoherency, as
in real physical situations the system is not isolated perfectly.
Here, we investigate the interaction of the system with its en-
vironment via a Lindblad equation in which
ρ˙ = −i[H, ρ] + l(ρ) (18)
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FIG. 5: (Color online) (a) Fmax as a function of γ for ∆ = 1 and a
chain of lengthN = 8 when in MIT the outcome of the measurement
is |0〉 (b) Fmax in terms of ∆ at γ = 0.05 and for N = 8 (c) Fmax
versus ∆ at γ = 0.1.
In this equation l(ρ) is the Markovian evolution of the state ρ
and depends on the kind of interaction that system has with its
environment. If we assume an environment with no preferred
direction, we should consider the interaction as
l(ρ) = −γ/3
N∑
k=1
∑
α
(ρij − σ
α
k ρijσ
α
k ) (19)
In these equations γ is the coupling with environment and α
gets x , y , z.
Let’s consider the initial state of the system as
ρ(0) = |Ψs〉〈Ψs| ⊗ ρch (20)
where ρs = |ψs〉〈ψs| is the state that is going to be sent and
ρch is the state of channel. As before we compute the average
fidelity that with a little bit of maths becomes
Fav(t) =
1
6
{Tr(Ω11P00 + Tr(Ω00P11)}
+
1
3
{Tr(Ω00P00) + Tr(Ω11P11)}
+
1
3
abs {Tr(Ω01P10)} , (21)
where
Ωij = |i〉〈j| ⊗ ρch (22)
The time evolution, is given by the Lindblad equation of
Eq. (18), using Rung-Kutta method. In Fig. 5(a) We plot
the fidelity Fmax in terms of γ in a chain of length N = 8
and ∆ = 1 using both MIT and attaching scenarios. As it is
seen, fidelity goes down by increasing γ very quickly for both
schemes. However, MIT gives higher fidelity for small values
of γ, and this improvement becomes more evident in longer
chains indicating the superiority of the MIT strategy over at-
taching in noisy environments. Figs. 5(b) and (c) show Fmax
as a function of ∆ for γ = 0.05 and γ = 0.1. As it is seen,
here the best point for quantum state transferring is again an
anisotropic point ∆ = 1.1 in MIT scenario and the isotropic
point ∆ = 1 for attaching scheme. Moreover, the superi-
ority of the MIT over the attaching scenario is more evident
in weak noises and it becomes more profound by increasing
the length (due to numerical limitations we have data up to
N = 10) which shows that in long chains the MIT approach
will be more effective. In the limit of high noise regime the
superiority of the MIT goes away and the two methods give
the same performance.
VI. CONCLUSION
In this paper we investigated two different mechanisms,
namely MIT and attaching scenario for the quantum state
transfer through a S = 1/2 XXZ spin chain. It is shown
6that the MIT scenario gives higher fidelity in particular for
∆ ≥ 1, while both scenarios have almost the similar speed.
In the other points of the XY phase (in particular around the
non-interacting fermionic point ∆ = 0) the two schemes give
almost the same results. The superiority of the MIT becomes
even more evident for longer chains. Our analysis also shows
that the best point for quantum state transferring depends on
the length of the chain. For longer chains it occurs in the
Ne´el phase while for shorter chains it moves towards the XY
phase. In the presence of thermal fluctuations, MIT and at-
taching scenarios significantly differ at very low temperatures,
while the attaching mechanism shows more robustness against
increasing of temperature. In the case of interaction with en-
vironment and for the isotropic decoherence, the best point in
the phase diagram is the anisotropic point ∆ = 1.1 in the Ne´el
phase for MIT strategy and the isotropic Heisenberg Hamilto-
nian with ∆ = 1 for attaching scenario. When the decoher-
ence is very strong both the MIT and attaching schemes give
almost the same performance and the superiority of the MIT
disappears.
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